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1.1.0verview

Network is a group of two or more nodes communicating together directly or
indirectly. These nodes may be computers, printers, cameras, mobile phones and laptops.
There are two types of networks; depending on the connecting medium, wired and wireless
network. People in all over the world tend toward wireless technologies and networks
where less wires are used, so less mess. Long Term Evolution (LTE) and Worldwide

Interoperability for Microwave Access (WiMAX) are wireless networks providing data and
Voice Over Internet Protocol (VoIP) service.

1.2.General Project Idea

LTE and WiMAX each one has its own advantages and disadvantages. Wireless
network providers choose the type of their network either LTE or WiMAX after studying

their advantages and disadvantages depending of users needs.

Provider and user are interested in some important communication’s parameters.
These parameters are coverage, capacity and quality of service. Coverage is a parameter
that points to the covered area size. Capacity is the amount of data transferred or received
in time unit(data rate). Quality of service could be evaluated through carrier to interference
value. User desires high coverage, high carrier to interference value (low interference). So

a good plan should be done to the LTE and WiMAX networks.




1.3.Technologies Overview

Here is a brief overview about these both technologies:

1.3.1.LTE Network

LTE is a wireless communication network of high speed data for mobile phones
and data terminals, it is an evolution to the Global System for Mobile (GSM)/ Universal
Mobile Telecommunications System (U MTS) standards, it is developing by the 3rd
Generation Partnership Project (3GPP). The first appearance of LTE service was being in
2009. Its goal was to increase the data capacity using different Digital Signal Processing
(DSP) and modulation types than that used in Third Generation (3G) networks. It is an

Internet Protocol (IP) based network with lower transfer latency. @

AN

ite.

Figure 1.1. LTE logo

LTE operates on different frequency bands, it operates on 800, 900, 1800, 2100,
2600 MHz and other bands. The operating frequency band differs between countries, so
users need multi band capable phones for international roaming. LTE covers cells of radius

ranges from tens of meters up to 100 Km and supports data rate up to 300 Mbps.(”(z)

1.3.2.WiMAX Network

WiMAX was created by WiMAX Forum. It is a broadband wireless network based
on Institute of Electrical and Electronics Engineers (IEEE) 802.16 standard, it depends on

: : : SRR - 6)
using base stations to provide the service and it operates in 2 - 66 GHz radio bands.




wimax
Figurel.2. WiMAX logo

WIMAX networks are classified into two categories. One of them is for fixed
WIMAX called 802.16d and the other for mobile WIMAX called 802.16e. They are

suitable alternatives for Digital Subscriber Line (DSL) and providing wireless internet

service for last mile.®

WiMAX reaches a range up to 50 Km for fixed stations and a range of 5 — 15 Km
for mobile stations with data rate up to 1 Gbps for fixed stations. It can provide a mobile
broadband connection as cell phone networks. But at large range, Bit Error Rate (BER)

increases.®

1.4.Motivations

providers have to decide which of these technologies can serve better, LTE or
WiMAX; depending to the users requirements. Also the service providers aim to provide
the highest number of users with the best service quality. Coverage and quality are

important points all users face them in any wireless network.

So, this project aim is to perform a study of LTE and WiMAX in terms of coverage

and quality of service and makes improvement for them.




1.5.Problem Statement

Nowadays it is essential to connect and share data wherever user exists. That is why
wireless networks is considered as important field of research which changes rapidly; new
technologies appear from time to time. As known, the trend of people now is towards

wireless networks because they provide good bandwidth and save money and space as it

does not need wires.

In wireless networks there are several technologies as LTE and WiMAX. They are
two popular technologies which are widely used all over the world. They differ in their
coverage and quality. Choosing one of them to build a network needs a comprehensive
comparison to decide which technology is more suitable depending on the needs of the

intended network and the nature of the area.

This research aims to carry out a comparison between LTE and WiMAX in terms
of their quality and coverage to decide which of them is more suitable to build a network

that covers the city of Hebron.

1.6.Project Objectives

Project objectives are concluded in:
1. Make a plan for Hebron City using both LTE and WiMAX technologies.
2. Make an improvement on the coverage and the quality of service for both technologies.

3. Do a comparison between LTE and WiMAX.

This plan is going to study the coverage and quality of service for LTE and
WiMAX networks. We will use Jawwal’s Company software. First, we aim to be familiar
of how the software works using its guide tool, then we will start planning for both

technologies. After that we will go for ground survey for some sites.




Then an improvement on LTE and WiMAX coverage and quality of service will be

done. Finally, making comparison between LTE and WiMAX.

1.7.Needed Technology

In order to achieve a fair comparison between LTE and WIMAX, a plan for both
technologies must be carried out in Hebron City using network planning simulation tool

called Mentum Planet Tool. Also, a GPS tool is important for the field survey to determine
the position of some sites.

1.8.Project Idea (Approach)

LTE and WiMAX both are wireless communication techniques. Each one has its
own advantages and disadvantages. Providers are interested in some important wireless
communication parameters. Coverage is one of that parameters, it is important for the user
to find LTE or WiMAX available everywhere. Carrier to interference value shows how
much is the wireless technique reliable. The effect of carrier to interference value differs
from data type to another, but generally we need to reach high carrier to interference value

as possible as we can to get desirable high quality.

We are going to make an initial plan of LTE and WiMAX for Hebron city by using
Jawwal Company planning tools. Enhancing will be made on this plan according to

coverage and quality parameters. After that we will make a comparison between LTE and

WiMAX in terms of coverage and quality.

The following flowchart illustrates the steps that will be followed to achieve the
LTE and WiMAX plans in Hebron City.




Determine the network area

Y

Allocate sites in high density
populated area

\'4
o  Generate predictions and
statistics

Modifications on sites, or
field survey if needed
A

No

s signal strength > -85 dBm
andC/I>0dB ?

Figure 1.3.Initial planning steps flowchart.

1.9.Deliverables

Finally, we expect to have these results:

1. Results for the comparison between LTE and WiMAX that will lead us to decide which

technology is more suitable to cover Hebron city.

2. Comprehensive LTE and WiMAX plan for Hebron city.




1.10. Project Time Frame

Table 1.1.project time frame:

Task Needed
time
Ch.1 Introduction. 2 weeks.

Brief explanation for LTE & WiIMAX technologies,

recognize their advantages, limitations, project objectives

and project steps.

Ch.2 Literature review. 4 weeks.
Collect information from books, research papers, scientific

magazines about LTE &WiMAX coverage and quality.

Understanding Jawwal theory planning tool. 1 week.
Ch3. Real plan. 13 weeks.
Make a plan for LTE & WiMAX network in Hebron city

using software.

Ch4. Results and recommendations. 1 week.
Illustrate the final results and provide some
recommendations

for future works.

Closing. 1 weeks.
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2.1.0verview

Wireless networks in general passed and still passing through huge number of
developments. This evolution beginnings have backed to Hertz’s discovery of radio waves
in 1888. Followed by Marconi’s first experiment of transmitting and receiving radio waves
over long distance. Then radio communication and radar come to be available for military

use. In 1971, ALOHANET was the first packet based wireless network created by
researchers at the University of Hawaii.

2.2.LTE Technology

2.2.1.Introduction To LTE

Wireless technologies passed through many evolutions until reached Fourth
Generation (4G). All these evolutions aimed to improve the performance and the efficiency
in a high mobile environment. The First Generation (1G) has supported a basic mobile
voice, while Second Generation (2G) has supported capacity and coverage. Then 3G has
come to provide data service at higher speeds; this opens the gates to truly “mobile
broadband”."

The mobile broadband refers to the internet connection that provides data, voice
and video services at high speeds in mobile devices. This mobile broadband is included in

the 4G. The 4G technology is an IP- Orthogonal Frequency Division Multiple Access
(OFDMA) based technology. LTE is a 4G technology."
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2.2.2.Definition

LTE is a wireless communication network of high speed data for mobile phones
and data terminals. It is an evolution to the GSM/UMTS standards. It is developed by the
3GPP. Its goal is to increase the data capacity using different DSP and modulation types
than that used in 3G networks. It is an IP based network with lower transfer latency."®

LTE uses OFDMA for downlink and Single Carrier-Frequency Division Multiple
Access (SC-FDMA) for uplink as multiple access technique under the assumption that all
services would be packet switched. LTE can be deployed in both (Frequency Division
Duplexing) FDD and (Time Division Duplexing) TDD, both has advantages and
disadvantages. The operator decides which to use, but generally FDD is more adapted in

the world. The channel bandwidth is up to 20 MHz. V@®

2.2.3.Why LTE?

The internationality of the LTE encourages providers and users to turn to LTE.

Figure 2.2.shows the distribution of LTE all over the world. (V@
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Figure 2.2. LTE distribution all over the world."®

In December 2009, TeliaSonera at Sweden and Norway become the 1st operator in
the world that offers LTE. In September 2010, a service provider in US called Metro PCs
become the 2nd LTE operator which launched LTE services.’®

LTE is considered as a cost effective and efficient technology due to:

. Flat architecture consisting of just one type of nodes, the base station, known in LTE as the
eNodeB; LTE base stations can communicate to each other directly through the interface
between two eNodeBs.

. Effective protocols for the support of packet switched services.

3. Open interfaces and support of multi vendor equipment interoperability.

. Efficient mechanisms for operation and maintenance, including self optimization

functionalities.

. Support of easy deployment and configuration, for example for so-called home base

2)(4
stations (otherwise known as femto cells).#®

LTE Advantages:

. Peak download rate up to 300 Mbps and upload up to 75 Mbps.
. Low data transfer latency and low connection setup time.

12




3. Improved support for mobility, good support for terminal moving up to 350 Kmv/h or 500
Km/h depending on the frequency band

- 4. Support for cell sizes from tens of metres radius up to 100 km radius.

5. OFDMA for downlink, and SC-FDMA for uplink to conserve power.(V®

Figure 2.4.shows the time latency for some technologies including LTE:

200 -
150 -
100 -
50
0 -
3G HSPA  HSPA+  LTE
Figure 2.3.Latency(ms)‘(4),page3
2.24.LTE Construction

The LTE architecture contains two parts:

1. Evolved Packet Core (EPC) part: this part is responsible for authentication setup and end of

connection.

2. Evolved-Universal Terrestrial Radio Access Network (E-UTRAN) part: this part is

responsible for all functions that are related of interfaces.

13




2.2.5.LTE General Architecture(Layers)
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MAC MAC
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Figure 2.4. General architecture of LTE.®)

2.2.6.LTE Versions

There are two versions of LTE:

. LTE: The 3GPP has completed the specifications of the LTE as part of release 8. LTE
offers 326 Mbps with 4*4 Multi Input, Multi Output (MIMO) and 172 Mbps with 2*2
MIMO in 20 MHz spectrum. It supports both TDD and FDD.

. LTE Advanced: In LTE advanced, the 3GPP is addressing the requirements to satisfy the
specifications of the International Mobile Telecommunications (IMT) advanced. LTE
Advanced standards defined in 3GPP release 10. LTE Advanced is backward compatibility,
this means that LTE Advanced devices can operate in LTE and vice versa. It supports
download data rate up to 1000 Mbps for low mobility devices and up to 100 Mbps for high

mobility devices.©®
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2.2.7.LTE Operating Range

LTE supports cells size from tens of meters up to 100 Km. This size depends on the

operation frequency. The cell size in the low band 1800 MHz is larger than in that in high
band 2600 MHz.("®

2.2.8.LTE Frequency Band

Generally to choose which band to operate on depends on the availability of such a
band, but in LTE the operator has more than one option to choose from. The high
frequency band such as 2.6 GHz, it is used in many parts of the world. The low frequency
band such as 700 and 800 MHz, at this band signal is allowed to travel farther (cell radius
may be 3 or 4 times larger than 2.6 GHz), better coverage inside buildings, so it needs less
number of sites than that required to achieve the same coverage in 2.6 GHz and as a result

lower cost. But in this band, there is a high level of uncertainty.®

Operators can also consider the option of re-farming their existing licensed
frequencies, if regulation permits, to offer LTE. For example, Mobyland in Poland has

launched the world’s first LTE network in the 1800 MHz spectrum.®

2.2.9.Network Topology

LTE nodes topology:

Like any network, the nodes of LTE have certain topologies that determine the way the

nodes are distributed inside the network:

. Point to point topology: in this topology the nodes are connected to each other in a way

that each of them receives data from the center i.e. from the main station or base station,

also all nodes have the same priority to transmit and receive data.

15




2. Point to multipoint topology: this topology the nodes are connected to each other in a way
that there is a main node connected to the main station, and this node receive the data from
the main station then broadcast it to the nodes that are connected to this node. So this node

forms a primary one, and the nodes can not communicate with the base station without this
2
node.

2.3.0FDM And MIMO Technology

2.3.1. Orthogonal Frequency Division Multiplexing (OFDM)

Orthogonal Frequency Division Multiplexing. In this technique the channel
bandwidth is divided into multi subcarriers. These subcarriers are orthogonal such that
overlapping is allowed without any interference occurs. Instead of using all the bandwidth
channel for transmitting one symbol, here many symbols transmitted over multi different
subcarriers simultaneously. This means increasing the channel efficiency. OFDM also

reduce the Inter Symbol Interference (ISI)."®

2.3.2.Multi Input, Multi Output (MIMO)

Multi Input, Multi Output. It is used to transmit independent data streams over
multiple antennas on the transmitter side. And there are multiple antennas on the receiver
side to receive these data streams. This technique is used to increase the data rate capacity
compared to the Single Input, Single Output (SISO). Figure 2.6.shows a SISO system
which has one transmitter and receiver antenna. And Figure 2.7.shows a MIMO system

d ! 7
which here has two transmitter and receiver antennas.”)
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MIMO also could be used as a diversity technique by using extra receive antennas.
The extra receive antennas provide improvement in Signal to Noise Ratio (SNR) especially
at higher modulation and code rates . The receive antennas receive the same data stream
and use it to detect the real data stream transmitted. This could help increasing the

detection accuracy.”

OFDM and MIMO are used to improve the capacity and the Quality Of Service (QoS).

2.4.WiMAX Technology

2.4.1.Introduction To WiMAX

Historically, the user always aims to have a high speed and broadband

communication service. The traditional way to achieve this was the wired access
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technologies such as traditiona] cable, digital subscriber lines, Ethernet, and fiber optic. But
{ splementation of these technologies faced many difficulties, these technologies are
extremely difficult and expensive to build and maintain, especially in rural and remote
areas. Furthermore, unwanted cables, equipments and connections that may consume size

and cause disturbance. Here WiMAX made 2 breakthrough in the high speed and
broadband communication world.®©

2.4.2.Definition

WIMAX: It is a wireless communications standard designed by WiMAX Forum to
provide portable and mobile wireless broadband communications with no need to the Line
Of Sight (LOS) with the Base Station (BS) as an alternative to cables and DSL. It can
provide high data rates for IP communications (30-40Mbps) and (1Gbps) for fixed
stations. WiMAX is an IEEE 802.16 standard based technology.®

WiMAX Forum:

The WiMAX Forum was formed in April 2001 as a nonprofit international
organization to certify conformance and interoperability of products on the basis of the
IEEE 802.16 and European Telecommunications standards Institute High Performance
Radio Metropolitan Area Network (ETSI HIPERMAN) standards. This forum is also
heavily involved as an advocate for 802.16 technology. It has now grown to include over
420 member companies. The WiMAX Forum currently operates eight working groups:
application, certification, global roaming, marketing, networking, regulatory, service

provider, and technical.®®)

2.4.3.Why WiMAX?

WiMAX is a wireless technology; this means avoiding all the disturbances of wired
technologies, because wireless systems have the capacity to address broad geographic areas

without costly infrastructure development required in deploying cable links to individual
18
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sites. Also it provides an affordable wireless broadband access for all, improving quality
of life which leads to economic improvement.®

Another reason of why it is reasonable to choose WiMAX is the high coverage it
provides. It provides up to 50 km service range which allows users to have a broadband
connection with no need to LOS with the BS, this means providing the service to
uncovered customers in the DSL or cables range, with high QoS in both real-time

applications (delay sensitive VOIP and delay streaming video) and non real time
downloads.®

WiMAX Advantages:

It provides interoperable broadband wireless connectivity to fixed and mobile users.

It provides up to 50km of service area.

Provides the users of broadband connection with no need of direct LOS.

Provides the users with total data rate up to 75Mbps which is enough for many different

applications.®)

2.4.4.WiMAX Construction

The WiMAX network consists of :

WiMAX base station: this includes a WiMAX tower and the indoor electronics. The
connection of the tower and internet via high bandwidth wired connection. The base station

antenna can be directional or omni directional; to provide both circular cell shapes and

linear (sectoral) shapes for point to point communications.

WiMAX receiver: may take two forms, it could be stand alone, or Personal Computer

Memory Card International Association (PCMCIA) that sits on the computer or laptop, or

the receiver may have spate antenna to separate module.
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3. There might also be other entities within the network, such as Repeater Stations (RSs) and

routers, which provide connectivity of the network to one or more core or backbone

networks.®

According to 802.16 standard, each coverage area consists of one BS and one or
many Subscriber Stations (SSs). The BS provides the connection to the Core Networks
(CNs), and completely controls when and how the SS can access the wireless network. The

SS provides the customer (end user) the connection to the broadband wireless network ¥

Access to a WiMAX base station is similar to accessing a wireless access point in
a Wireless Fidelity (WiFi) network, but the coverage is greater. Figure 2.8.shows an

example of 802.16 network coverage area. And Figure 2.9.shows an example of 208.16
network.®

802.16
Coverage area

SSs
core netwoku O
BS

O
O

Figure 2.7. The 802.16 coverage area. 7%
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Core network

Figure 2.8. An example 802.16 network.®#2<2!

2.4.5.WiMAX General Architecture(Layers)

IEEE 802.16 standard is a standard that provides specifications for Media Access Control
(MAC) and Physical layers. According to this standard; the MAC layer is divided into three
sub layers :

. Convergence Sublayer (CS): this layer provides functions about duplexing, framing,
initialization, channel access, QoS .

. Security sublayer.

. Common Part Sublayer (CPS): this layer is responsible for defining the medium access

method , also it is considered as the center of MAC.!?

2.4.6.WiMAX Versions

WiMAX passed through many amendments shown in table 2.1.(Appendix).

2.4.7.WiMAX Operating Range

Typically, the cell size is about 5 miles radius or less , this radius can reach up to 20

or sometimes 30 miles when there are suitable environment condition and given that
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OFDM is being used. To increase the range in such implementation; the mesh topology is a
good alternative to use instead of point to point topology. Figure 2.10.shows the difference

between Personal Area Network (PAN), Wireless Local Area Network (WLAN) and
WiMAX network relative to the Coverage range and other parameters.®

WiMAX
802.16 a/d/e
Radius 5 miles

PAN

802.15

Radms<30 fi
Data rate<1 Mbps

Figure 2.9. 802.16 system compared to other IEEE 802 standards.®)P¢<"*

2.4.8.WiMAX Frequency Band

The frequency range is defined as the frequencies that lie between 2 and 66 GHz.
This wide range is divided into three sub ranges; because the behavior of the
electromagnetic wave is not the same all over this wide rang. The three bands are:
. (10-66 GHz): this band is licensed band, the wavelength is very short, the attenuation is
possible due to the physical geography of the environment or interference. The
communication in this band needs a LOS between the BS and SS.
. (2-11 GHz): this band is licensed band. The communication in this band doesn’t require
LOS between BS and SS, however the signal power may be significant.
. (2-11 GHz): this band is unlicensed band. The physical characteristics of the 2-11 GHz
unlicensed bands are similar to the licensed bands. However, because they are unlicensed,

there are no guarantees that interference may not occur due to other systems using the same

bands.®
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Frequency bands of WiMAX different versions are shown in table 2.2.(Appendix).

2.4.9.Network Topology

According to 802.16 standard; WiMAX have two topologies :

. Point To Point (PTP): there is a dedicated link that connects two terminals only. The
dedicated link must contain all the available bandwidth to achieve the highest possible
throughput, antennas with high gains and high directivity must be used to ensure maximum
security and minimum interference. Mostly this is used for the mentioned special cases and
not for the common users.

. Point To Multipoint (PTM): here group of subscriber terminals are connected to BS
separately. This is suitable for applications where there is no need for high bandwidth, here
the bandwidth is shared between all users. A frequency reuse is needed, this can be carried
out using sectored antennas with highly directional parabolic dishes (each dish refers to a

sector).”)

Either in PTP or PTM, the location of the BS much be chosen in a way to provide
the best coverage. Figure 2.11.shows the point to point topology. And Figure 2.12.shows
the point to multipoint topology.”®

: 122
Figure 2.10. Point to point fixed wireless access.*)P*

23




Figure 2.11. Point to multi point fixed wireless access,® 122

2.5.Brief General Comparison Between LTE And WiMAX

A brief general comparison between LTE and WiMAX shown in table 2.3.
(Appendix) includes some important parameters such as frequency band, radio technology,

channel bandwidth, capacity and other parameters.

2.6.Related Research Papers

2.6.1.LTE Related Research Papers

These are some of the graduation projects and the research papers that talk about the LTE

performance and improvement:

Graduation project:

“LTE network planning and optimizing for Hebron, Nablus and Ramallah”. Done

by: Aleen Abu Rayyan, Lujain Mahde, Rawan Arafeh and Yasmeen Abu Omaer. In this

project, number of base stations was distributed on the area of three main cities in Palestine
]

4G called LTE. Many adjustments were done on the
24

depending on new technology of the




base stations such that the citjes gain a good coverage

Research papers:

In [11], the paper discussed the advantages of the advanced LTE which have been

developed by 3GPP, as a way to enhance some issues in 4G technology, these

enhancements include increasing data rates, improve coverage, reduced latency and

interworking with other telecom technologies. The paper also takes about the LTE
architecture and mobility features.

In [12], this paper proposed an LTE femto cell coverage adjustment mechanism.
The mechanism can determine and adaptively adjust the appropriate femto cell coverage
when interference occurred depending on collected information from User Equipment (UE)
and femto cell. By this mechanism, the interference could be mitigated and reduced for
29:5'%.

In [13], the paper perform an analysis of the OFDMA and SC-OFDMA as a
multiple access technique used in LTE, the study based on peak average power ratio and

considered an Additive White Gaussian Noise (AWGN) channel in the error performance

analysis.

In [14], this paper discussed the need of data transfer across mobiles as a reason of

moving from 4G to LTE, the paper performed an analysis of TDD LTE and compare its
performance with FDD LTE.

In [15], this paper discussed the evolution of technology and the need of high data
rate that led to the appearance of 3rd, 4th and LTE technologies by 3GPP. The paper

discussed the requirement of each technology, and study the performance (in terms of BER
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and symbol rate) of OFDM LTE under scenarios of channels that have multipath
propagation and AWGN,

2.6.2.WiMAX Related Research Papers

These are some of the research papers talk about the WiMAX performance and
improvement:

In [16], a study has been done on the performance of WiMAX Networks based on
MIMO and Adaptive Modulation and Coding (AMC). AIRCOM International's radio
network planning tool has been used for analysis. The results of this analysis is in terms of

coverage and capacity, pointing to the trade offs with MIMO and AMC in Mobile WiMAX
Networks.

In [17], there is a trend toward improving the cellular WiMAX network for
emergency and safety services by using overlaid WiMAX cellular structure. A micro cell
has been used for covering urban hotspots over a macro cell structure. This plan take into
consideration the Signal to Interference and Noise Ratio (SINR) value. The plan based on
using the sectorization to reduce the patterns reuse and to increase the capacity, while using
the overlay network to overcome the coverage problems in large towns and cities. It

concludes that possible lower values of antenna’s gain could be used depending on 3.5

GHz bands instead of 5.8 GHz bands.

In [18], a study has been done to evaluate the WiMAX range and coverage
probability by using the Stanford University Interim (SUI) channel model. This study also
use Smart Antenna System (SAS) to improve the network performance. The evaluation

results show that with SAS, the cell radius is at least 30% more than that without SAS.

In [19], a software platform for the MAC layer has been designed, and some

optional mechanisms applied on it. And many complex algorithms were tested based on

this software platform to serve better QoS in WiMAX networks.
26




In [2 : :
0 [20], @ new scheduling scheme is proposed to improve delay time parameter.

This parameter improvement is added to the fair scheduling schemes so that the total QoS
is improved.

In [21], an admission contro] scheme for services is proposed. This scheme is

defined in the 802.16 specifications. It provides the highest priority to the Unsolicited
Grant Service (UGS) flows. Also the bandwidth utilization is maximized by bandwidth

borrowing and return. And an analytical model developed to evaluate the network
performance.

In [22], a novel scheduling algorithm used to provide different QoS for each service
types. This algorithm based on allocating the resources for each service types in terms of
slots. The number of slots determined based on the minimum and maximum bandwidth
required for each service type. Also the algorithm depends on the priority scheduling such

that the service with highest QoS requirement is served first.

In [23], a WIMAX QoS management model is proposed for a central structure in
which the central base station schedules the best effort and VOIP traffics over several

subscriber stations.

In [24], an improvement of the coverage and capacity parameters has been done
depending on WiMAX macro base stations and femto Access Points (APs). Femto AP is
useful for indoor coverage and capacity improvement where the macro base station may be

weak. Also a spatial reuse of wireless spectrum is used to improve the capacity.

In [25], an evaluation for the downlink performance of a mobile WiMAX with

different radio resource management like scheduler for QoS control and the

implementation for multi connection.

27,




In [26],

made to be consi i
onsidered in the future scheduling mechanisms. And a survey done for the

recent scheduling researches th
at propose differ ; . :
AT ent scheduling mechanisms to improve QoS
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3.1.Mentum Planet Tool Overvieyw

technologies of wireless networks.

Mentum Planet provides many features that help for accurate design, analysis and
optimization for wireless networks.

In this program, the designer could choose any area, city or country to make a

wireless network design for it.

In any wireless design, there are many important settings to be considered and

adjusted. These parameters could be divided into two types:

1. Network settings.

2. Subscribers settings.

Network settings include network technology type which could be WiMAX, LTE,

3G or other technologies. Also include spectrum allocation, here we determine the

frequency band of the network.

Subscriber settings include antenna type, service type (data, voice, web, etc ...) and

many other parameters.

Network frequency band is an important issue. Frequency band affects the data
rate, the coverage (so the number of needed sites) and the interference value.

The propagation model is also an important point to be censitired Tere ane ot

¢ i dio signal in a
of propagation models that can be used to predict the behavior of the radio sign
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certain area. Each model has its owp €quation which cont
on

According to the type of those Parameters, the mode] oy

not for the others.

ains several parameters.

1d be suitable for some areas and

3.2.Propagation Model

Here in our study, we use the Planet General Mode] (PGM) which is a good

propagation model to use for frequencies between 15 0 and 2000 MHz where the distance
between the transmitter and the receiver ranges between 1 and 100 kilometers. Ideally

when using this model, the base station antenna heights should range between 30 and 1000

meters and the mobile station antenna heights should be between 1 and 10 meters.?”
The received signal strength at the mobile is given by the following equation:

Ppx = Prx + K + K; log(d) + K; log(Heg) + Ky Diffraction + K log(Hesr) log(d) + K
(Huefr) + Kclutter ... @7

- Ppx is the receive power. (dBm)

- Prxis the transmit power (ERP). (dBm)
- K is the constant offset. (dB)

- Kj is the multiplying factor for log(d).

both K; and K can be assigned two sets of values. One set is used for d< distance and the

other for d> distance, where distance is the distance in meters away from the base site

specified in the Model Editor.*”

- Kj is the multiplying factor for log(Heg ). It compensates for gain due to antenna height.

- K4 is the multiplying factor for diffraction calculation.

- Ks is the Okumura-Hata type of multiplying factor for log(He) log(d) -

- Kgis correction factor for the mobile effective antenna height gain (K6 Huefr)-

- dis the distance, in meters, of the receiver from the base site.
1 d.
- Hegis the effective height of base site antenna from groun

The effective antenna height (Hesr ) in meters described in the previous equation may be

calculated from any one of the following variables:
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S

Base height

Spot height

Average height

Slope

Ground Reflection Slope
Profile

Absolute spot height®”

Here is a brief description of two simple variables that could be used to calculate the
effective antenna height:

. Base height

Effective antenna height (Hg ) is set equal to the base site height above ground.?”
Spot height

If Hop > Hom then Hege = Hy + Hop - Hom

If Hop < Hom then Hege= Hp,

Where:

Hp is the antenna height above ground at the base site.

Hyy is the terrain height above sea level at the base site.

Hon is the terrain height above sea level at the mobile site.®”

Diffraction is the value calculated for loss due to diffraction over an obstructed path. The

value produced is a negative number so a positive multiplication factor, K4 is required.

K clutter is the gain in dB for the clutter type at the mobile position in Planet DMS. In

Mentum Planet, K clutter represents a loss.

2 ; : 27)
Hpeq is the mobile effective antenna helght.(

The standard propagation model uses the mobile effective antenna height together with a

linear correction factor (Ke):
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Hipett = (hOm 2 iy ) - hgp ... @7

to or different from PGM.

The Okumura-Hata model is an empirical formulation of the graphical path loss

data provided by Yoshihisa Okumura, and is valid from 150 MHz to 1500 MHz. The Hata

model is, basically, a set of equations based on measurements and extrapolations from the

curves derived by Okumura. Hata presented the urban area propagation loss as a standard

formula, along with additional correction factors for application in other situations such as

suburban and rural.?®

Hata model neglects the terrain profile between the transmitter and receiver, that is,
hills or other obstacles between the transmitter and receiver are not considered. So we
choose PGM model in the planning because it does not neglects the terrain profile between
the transmitter and the receiver. Both Hata and Okumura made the assumption that the
transmitters would normally be located on hills. Figure 3.1. shows a typical scenario for

Hata-Okumura model.?®

(28)

Figure 3.1. Hata-Okumura typical scenario.

irect line-of-sight path from transmitter (tx) to

The above model assumes a d i
cted by two hills. Hence, the prediction would be

receiver (rx) but the actual path is obstru

too optimistic.
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hy is the effective transmitter antenng height (in m) ranging from 30m to 200m
hix is the effective receiver antenng height (in m) ranging from 1 m to 10 m

d is the T-R separation distance (in km).

a(hrx) is the correction factor for effective antenna height which is a function of the size of

the coverage area.®®

To obtain the path loss in a suburban area, the standard Hata model formula is modified to:

L(dB)= L(urban) — 2[log(f,/28)]* - 5.4
The antenna correction factor is given by:

a(hn)= (1.1 logf, — 0.7)hy — (1.56 logf,— 0.8) dB ... @®

3.3.Hebron City

3.3.1.Hebron City Terrain

As known, Hebron is a mountainous city. Nearly the mountainous regions are
2

concentrated in the north-western (Farsh Alhawa), and north-eastern region (Ras Aljorah).
3.3.2.Hebron City Population

concentrated in the western region (' Alsalam street),

The population is nearly
T (Bab Alzawyah).

south-eastern region (The Industrial Region), and central region

eration of planning. Wherever

into consid
ters should be taken 1
i ase stations there than the other

i b
the areas are highly populated, there 1s 2 need to more
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areas. Also it is good to allocate the base station
high to avoid the LOS between base stations to

height such that it can not cover the required areg

3.4.Planning Details
Planning Steps And Results:

1. Here is Hebron City as a part of Palestine. Its area size is nearly 36.8 Km?

Figure 3.2.Hebron City.
2. Hebron City on the Mentum planet tool.

bron City on Mentum planet tool.

Fi 3.3.He
G 35




L O SNV LS I U=

3.4.1.WiMAX Planning Detajlg

There are some important parameters o be adjusted first for TDD WiMAX:

The network technology is selected to be WiMAX
This network frequency band is 2300, 2500, and 3500 MHz
One antenna is used for both Tx and Rx (i.e. MIMO is 1x1)

TDD used as multiplexing technique,

The best antenna type to use is DBXLH-65 65C-VTM which is directional antenna.

The propagation model is set to be Planet General Model (PGM).
The total power (EIRP) is 62.35 dBm.

All modulation types here are enabled, the network choose the appropriate type for each
user.
Best server signal strength layer:
Frequency band 2300 MHz.
&; =‘JL‘J~\‘; a5 Vil
L 3 & L
pmn g mb O 16000
37 AN 2% § ‘ m 40500
] smtﬂa AL l 10500
71.}5(, .ix.}\’.)/ 17 {Site}e)
) : : ] 5
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[] 7501
3 J500
[ £015
Unit: dB

ficati
Figure 3.4. Best server signal strength layer before modification
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Figure 3.5. Best server signal strength layer after modification.

Here is a sample of the sites that had been modified and their modifications :

Site No. | Tilt before | Tilt after Azimuth before | Azimuth after Location

5 0 +7 (up) 0,120 ,240° 45°120° 240 Modified
% 0 +7 (up) 0°,120°,240° 45°120°240° | Unmodified
il Y 0 (down) 0°.120°,240° 0°,120°,240 Unmodified

) o ) o o o 200,2400 Modlﬁed
4 0 -7"(down) 0,120,240 0,2
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As said before, the performed modifications diq
effect will appear on the other layers.

o Frequency band 2500 MHz.

L2080 oMY )

)
¥, s & o

gmg o &
& Site)o4) N (Siteiis

Q S
G Sitelly

EEEOEECOO
¢

& s

o &mz "
“ 4.4 / Unit: dB

Figure 3.6. Best server signal strength layer before modifications.

After changing the frequency band from 2300 MHz to 2500 MHz, signal strength

value in some regions slightly decreased. So additional sites will be needed to overcome

this decreasing.
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Figure 3.7. Best server signal strength layer after modifications.

Here is a sample of the sites that had been modified and their modifications :

Site No. | Tilt before | Tilt after | Azimuth before | Azimuth after | Location
50 7 +7'(p) | 07,1207240° | 30°,150°,240° | Modified
62 0 +7°(up) | 0,120,240 | 307,120’,220° | Modified
82 10° 0'(up) | 0,120,240 | 07,135,240° | Modified
86 +10° | 7°(down) | 07,1207240" | 07,1207240° | Modified

After many trials of improving the signal strength value, the placement of additional
sites was the best way to achieve this improvement. This is a logical decision since the
frequency band now is 2500 MHz is higher than 2300 MHz, so 6 sites were added to get

about 86 sites finally which were enough to get the SafisfRatony/coy ennge.
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Frequency band 3500 MHz.
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Figure 3.8. Best server signal strength layer before modifications.
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After moving from 2500 MHz to 3500 MHz, the 86 sites (which were acceptable in

2500MHz) become not enough to cover all the area with a good signal strength. A bad

coverage areas can be noticed from figure 3.8.
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Here is a sample of the sites that paq been modified ang their modificati
ications :

[ Site No. | Tilt before | Tilt after ]

e
Azimuth before Azimuth after

i 1 e +70(up) ﬁ i Location

| 120,240° | 45°80° 240" | Modified

f &> 0 +7°(up) m 45°,160° 240° | Modified

| o i 0E) [ 0" 1000 | 07,120'240° | Unmodified
95 0 -10°(dow1 0,120°240° | 0°120°240" | Modified

Since that frequency band 3500 MHz is higher than 2500 MHz, a decreasing in the

signal strength value will be faced in some areas. This s the reason of why new 10 sites

were placed.

Downlink C over I layer:

° Frequency band 2300 MHz.

Cobor schams st
| Vehse
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\’lf - m- | e 508 p 5m
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»g ‘7 6] \5? L\& ' 3 o ,ll 1500
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)[ ftelf12] 51864 s 3 |
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|

' Fi 3.10. Downlink C over I layer before modifications.
igure 3.10.
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=Y

r from a high interference percentage (i.e.

w Carrier To Interfere
o nce (C/1) value), so Some modifications are needed to increase the

ier to interference v i
carr’ alue in that areas, These modifications may include changing the

tilt, azimuth, height of the antenna and sometimes the sjte locati
ion.
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Figure 3.11. Downlink C over I layer after modifications.

After carrying out the mentioned adjustment of the sites' parameters, an obvious
improvement on the carrier to interference value in many areas can be noticed in figure

el 1.
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o Frequency band 2500 MHz.
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Figure 3.12. Downlink C over I layer before modifications.

After changing the frequency band from 2300 MHz to 2500 MHz, carrier to
interference value in some regions dropped, and this will increase the interference and
affect the quality of service badly. So many modifications and additional sites will be

needed to overcome this problem and keep an acceptable quality of service.
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Figure 3.13. Downlink C over I layer after modifications.

Additional 6 sites were added to the areas that faced high interference. An

increasing in the carrier to interference percentage can be noticed in such regions.

e Frequency band 3500 MHz.
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Figure 3.14. Downlmk C over I layer before modifications.
1gu
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Figure 3.15. Downlink C over I layer after modifications.

Since that frequency band 3500 MHz is higher than 2500 MHz, a decreasing in the
carrier to interference value will be faced in some areas. This is the reason of why new 10

sites were placed and many modifications were done.

There are some important parameters to be adjusted first for FDD WiMAX:

. The network technology is selected to be WiMAX.

- This network frequency band is 2300, 2500, and 3500 MHz..
. One antenna is used for both Tx and Rx (i.e. MIMO is 1x1).
- FDD used as multiplexing technique.

- The best antenna type to use is DBXLH-6565C
et General Model (PGM).

_VTM which is directional antenna.

+ The propagation model is set to be Plan
- The total power (EIRP) is 62.35 dBm.
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Best server signal strength layer:

o Frequency band 2300 MHz,

EEECEEOC
8

Unit: dB

Figure 3.16. Best server signal strength layer after modifications.

Most of the area is covered by -85 dB and -75 dB signal strength value which

considered to be good. This coverage was achieved after many modifications and

placement of 86 sites on the area.
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Here is a sample of the sites that had been modified and thejp modifications

Site No. | Tilt before | Tilt afies
! 10 +7 (up)
67 +10° +7°(d0Wn)
73 +7 W
76 0 -10"(down)

o Frequency band 2500 MHz.

For frequency band 2500
need for that; the decreasing and th
2500 MHz is very small and accepta

done,

Azimuth after | Location
0°, 120°,240° Unmodified
0,120°240° | Unmodified
0,120 240° | Unmodified
0,1207240° | Modified

fter modifications.
ignal strength layer after

Fi 7. Best server sign

igure 3.17. Be
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e is no
MHz, no additional sites were added because ther: d
g v 0 MHz an
difference in the coverage between 2300 MH
edi

were
ly some modifications on the sites
table. So on




Here is a sample of the sites that paq been modifieq and their modifications -

Site No. | Tilt before | Tilt after
30 0 +7°(up)
45 +7° 0"(down)
54 +10 0 (down)
84 o e

o Frequency band 3500 MHz.

i i co
The decreasing and the difference in the

i itional 10 sites
Previous frequencies is noticed, so additi

| Azimuth beforg |

.N"o
0,120,240

°\°o
0,120,240
B e
0,120,240

¥y e
0',120° 240

Sae e

Azimuth after | Location
0,120°240° | Modified
0,120°240° | Modified
0,120°240° | Modified
0',120°240° | Modified

Unit: dB

i e o. . St S€ er gll
gu

(le th i were done.
CI €as 1 .ons on (5] SlteS

48

verage between this frequency and the

were added to overcome this




Here is a sample of the sit
es that had been modified ang thei
eir modificationg

[Site No. | Tilt before i
88 -10° T::? - wm Locat
. e ocation
89 " +10°(1:)p)) Olzl 50120°260° | Modified
94 +7 | 0 (down) Olzi 0,120'240" | Unmodified
= = : O’L’MOO 07,120°240° | Modified
4 (up)q 0,120°240" | 0”120 240° | Modi
T e i ;120 , ified
Downlink C over I layer:

o Frequency band 2300 MHz.
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Figure 3.19. Downlink C over I layer after modifications.

86 sites were enough as shown in the figure, high carrier to interference value (30

dB :
: m and 20 dBm) is provided from 4 sites only.
interference value about -2 to 0 dBm which is acceptable
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Figure 3.20. Downlink C over I layer after modifications.
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The average carrier to interference value provided is about -2 to 0 dBm which is

close to the previous frequency; so the number of sites is the same 86 and no additional

sites needed.
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acceptable for good QoS.

3.4.2.LTE Planning Details

There are some important parameters to be adjusted first:

The network technology is selected to be LTE.

This network frequency band is 1800, 2100, and 2600 MHz..

One antenna is used for both Tx and Rx (i.e. MIMO is 1x1).

TDD used as multiplexing technique.

The best antenna type to use is DBXLH-6565C-VTM which is directional antenna.

The propagation model is set to be Planet General Model (PGM).

The total power (EIRP) is 62.35 dBm.

All modulation types here are enabled, the network choose the appropriate type for each

user.
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Best server signal strength layer:

Frequency band 1800 MHz.
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Figure 3.22. Best server signal strength layer before modifications.

At the beginning, 80 sites had been located automatically without any
modifications. As shown in figure 3.22. the coverage is nearly very good -60 dB. Some

small areas have a signal strength of -75 dB.

Calor scheme it
Value
‘D -160u00
D -10501
. -105.00
- 8501
\«L{i ;‘ﬂl)‘(}{i Sitel u\z d'm(z/ 3 D 'am

: :
% g ¢ . a
:. -1500
M WL, My E
’ / 6049
"0 X % ) smah s

QR amgy sm me & SmeB LS

fter modifications.

Figure 3.23. Best server s:gnal strength layer a
52




Some modifications on the sites had beep d
i on
area that covered with signal strength of -75 dB. M
. Mo

azimuth, and tilt were done. And another 4 sites wer, dd
€ added.

Here is a sample of the sites that had beep modified and their modig
Ifications :

[Site No. | Tilt before | Tilt
; after (\ ;
: i : Azimuth before | Azimuth after | Location
-7 +7 (u B ey ) °
(up) 0,120,240 | 25°120° 240" | Modified
20 O° + ? 2 © ° o
7 (up) 0,120,240 | 45°,120° 260" | Modified
29 +10 +7 (down B Mok e T
) | 0,120240° | 30" 120 240" | Modified
33 2 : T @ s e e
0 -10 (down) | 07,120° 240 0,140 240" | Modified
o Frequency band 2100 MHz.
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Figure 3.24. Best s
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Figure 3.25. Best server signal strength layer after modifications.

Additional 10 sites were added to the area and another modifications were done to
recover the decreasing in the signal strength value in some regions. As shown in figure

3.25. the percentage of the area that was covered with -75 dB is reduced.

Here is a sample of the sites that had been modified and their modifications :

m’- Tilt before | Tilt after | Azimuth before Azimuth after | Location
- 0 +10 (up) 0°.120°,240° 0°,120°240 | Modified
3 T _10°(down) | O 120° 240" | 071207250 Unmodified
s +7 0(down) | 0,120,240 0°,120° 240 | Modified
90 ¥ o) W 0°120°240° | Modified
[ et A W
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Frequency band 2600 MHz.
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Figure 3.26. Best server signal strength layer before modifications.

94 sites were enough for 2100 MHz frequency band but not yet. Now after the
increasing of the frequency band to 2600 MHz, some areas faced a decreasing in the signal
strength value.
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N

figure 3.27. the signal strength valye increased from -75 4 t0-60 dB in that areas

Here is a sample of the sites that had been modifieq and their modifications :

Site No. | Tilt before | Tilt afier Azimuth before | Azimuth after | Location
¥ % O\H ° o o .
94 -7 1) | 0,120,240° | 0 120°240° | Unmodified
) o o\oo 5 5 = ~
97 0 +7 (up) 0,120,240 | 45°140° 240° | Unmodified
98 +10° | +7 (dowm) | 0",120°240° 30°,160°240° | Modified
101 0 -7°(down) 0,1 207,240 o°,120°,240° Unmodified
Downlink C over I layer:
° Frequency band 1800 MHz.
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For the frequency band 1800 MHz

interference value is 0 dBm), whereas the
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Figure 3.29. Downlink C over I layer after modifications.

Since 80 sites can not provide the area with a good QoS, some modifications were
done on the existing sites, and 4 additional sites were added to overcome the small carrier

to interference value.
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Figure 3.30. Downlink C over I layer before modifications.

After going up to 2100 MHz frequency band, the carrier to interference value
decreased, the regions' area that covered with a good carrier to interference value decreased

also. So 84 sites were not enough to provide the area with the desired QoS.
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Figure 3.31. Downlmk C over I layer after modifications.
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approximately the total area now is Covered by aye

ra
considered to be good. ge value (5 ~ 10 dBm) which s

o Frequency band 2600 MHz.
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Figure 3.32. Downlink C over I layer before modifications.

After moving to 2600 MHz frequency band, the interference percentage increased

in wide areas, this can be noticed in figure 3.32. so the 94 sites were not enough to provide

the total area with a good QoS.
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Figure 3.33. Downlink C overI layer after modifications.

To recover the decreasing in the carrier to interference value; another 10 sites were
needed. As shown in figure 3.33., the 104 sites that are distributed on all over the area
provide an average carrier to interference value about 10 dBm which is satisfactory value
of QoS.

3.5.Field Survey

In this plan of Hebron City, there are number of sites that provide a bad coverage
and QoS. Many modifications had been carried out on these sites, starting with adjusting
the antenna tilt, azimuth, ending with changing the site location. But all these modifications
did not affect either the coverage or QoS; so a field survey were needed to solve this

problem.

i bad coverage
Field survey: to get the real coordinates of the site that suffers from a g

or QoS, then visit it to study the surrounding terrains,

affect the signals. Then take a decision t0 solve the probl

buildings and any obstacles that may

em. The decision may be to

change the site location, antenna height...€tc-
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Here are some sites that were includeq in the f
€ field surve
y:

351.WiMAX (3500 MHz) Field Suryey

. Site26

Coordinates:
35° 5' 19.89" long.
31° 30" 22.76" lat.

.

Figure 3.34. Site 26 on Google Earth.

Earth , site 26 located at south of Hebron

(Dahyet Al-Baladyeh). From our visit to the site, we realized that the site located at very

l From the coordinates and using Google
|

:

| ct the site's signal strength.

1
oW level area and surrounded by many buildings which affe
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30, and here they are:

l. View of site 26 at 0",

3.36. View of site 26at0'".

Figure
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iew of ste 26 at 30"
A

Figure 3.37. View of site 26 at 30,

3. View of site 26 at 60°.

Figure 3.38. View of site 26 at 60"
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5. View of site 26 at 120°.

Figure 3.39. View of site 26 at 90",

of site 26 at 120"

Figure 3.40. View
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, viewof st 26 at 150",

7. View of site 26 at 180°.

Figure 3.41. View of site 26 at 150°.

Figure 3.42. View of site 26 at 180.
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View of site 26 at 21 0.

0. View of site 26 at 240°.

Figure 3.44. View of site 26 at 240°.
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| viawof it 26 at 210",

0. View of site 26 at 240°.




| yiewofsite 26 at 270".
10,

Figure 3.45. View of site 26 at 270".

11. View of site 26 at 300°.

Figure 3.46. View of site 26 at 300
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12. View of site 26 at 330",

'A _~=I,,.~¢r

Figure 3.47. View of site 26 at 330".

13. View of site 26 at 360°.
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ossible but this di
P s did not affect too much, So after the field survey, the relocation of the site

was an other attem: i : ;
high pt to improve the carrier to interference value. The new location must be
enou
gh to overlook on areas beyond the surrounding buildings. This new location

chosen to be on the roof of Palestine Polytechnic University building (B)

Figure 3.49. The new location of site 26.

The following figures show how the carrier to interference value increased after the

relocation:

69




; She: 1l
b5

2 5lte,

j . : ‘ 2L
LG 15500

i (W
SI3) 6.
o2

2000

Unit: dBm

Figure 3.50. Downlink C over I before modifications.

From figure 3.50. the bad carrier to interference value can be noticed clearly. Until
now, no modifications had been done yet (neither antenna azimuth, antenna tilt, antenna

height, nor site location).

ERONEEE
5

Unit: dBm

Figure 3.51. Downlink C over I through modifications.

(with no relocation).
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Many modificati ,
. iy );1 e ations had been carried out on the site. Antenna azimuth, antenna tilt
an a hei :
ght were adjusted and changed many times. But as noticed on figure 3.51.

1l these atte i : B
a mpts did not improve the carrier to interference value never; so field survey

ded. ok
was needed. After the field survey, a decision of relocation the site on a higher level region

is considered.
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Figure 3.52. Downlink C over I after modifications.

(with relocation).

The site is relocated on Palestine Polytechnic University building (B), which is a
higher level region than the previous location. As shown in figure 3.52., the carrier to

interference value increased noticeably. The area that covered with a good C over I value

becomes larger also.

3.5.2.LTE (1800 MHz) Field Survey

Site 61:

Coordinates:
BoRS( 57 557 long.
31° 30’ 9.03" lat.
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Figure 3.53. Site 61 on Google Earth.

From the coordinates and using Google Earth , site 61 located at south of Hebron
(Al-Ertebat region). From our visit to the site, we realized that the site located at a very low

level area so the coverage is limited around the site only.

At the location of site 61, we took a picture to the surrounding terrain and buildings each

30°, and here they are:

g e e

3.54. Location of site 61.
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1. View of'site 61 at (",

Figure 3.55. View of site 61 at 0".

2. View of site 61 at 30°.

Figure 3.56. View of site 61 at 30".
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3. View of site 61 at 60"

Figure 3.57. View of site 61 at 60°.

4. View of site 61 at 90°.

Figure 3.58. View of site 61 at 90".
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5. View of site 61 at 120",

6. View of site 61 at 150°.

Figure 3.60. View of site 61 at 150",
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View of site 61 at 180°.

8. View of site 61 at 210",

Figure 3.62. View of site 61 at 210'.
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9. View of site 61 at 240°,

Figure 3.63. View of site 61 at 240°.

10. View of site 61 at 270".

Figure 3.64. View of site 61 at 270".
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11. View of site 61 at 300"

|

e —

n s EMRR £

Figure 3.65. View of site 61 at 300",

12. View of site 61 at 330°.

Figure 3.66. View of site 61 at 330".
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13. View of site 61 at 360",

Figure 3.67. View of site 61 at 360°.

As noticed from the previous figures, the site was located at a very low level region;
so the signal will be limited only in that small region. The antenna height was adjusted to
be as high as possible, but this did not do any thing. So we decided to relocate the site on a
high level region to be overlooking on a larger region so that the carrier to interference

value will be increased in many areas there. This high level region is the near mountain

behind the site as shown in the following figure:
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Figure 3.68. The new location of site 61.

The following figures show how the carrier to interference value increased after the

relocation:
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Figure 3.69. Downlink C over I layer b
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Figure 3.70. Downlink C over I through modifications.

(with no relocation).

After many modifications on the antenna tilt, azimuth and height, the carrier to
interference value increased in some areas around the site as shown in figure 3.70. But still
there are some areas suffer from low carrier to interference value. As mentioned above,
after the field survey for this site, we decide to relocate the site on a high mountain behind

it.
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Figure 3.71. Downlink C over I layer after modifications.

(with relocation).

As shown in figure 3.71., the carrier to interference value for many areas increased
after the relocation of the site. And now the site is covering wider region with high carrier

to interference value than before.

3.6. Sample of WiMAX and LTE planning from the “Introduction To Graduation

Project”

In the graduation project, the planning carried out on some different parameters for
both WiMAX and LTE technologies. So here some results will be viewed to remind the

previous work.
3.6.1.WiMAX Planning Details
There are some important parameters to be adjusted first:

. The network technology is selected to be WiMAX.

2. This network frequency band is 2600 MHZ..
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One antenna is used for both Tx and Rx (i.e, My
: ©MIMO
TDD used as multiplexing technique. :
The best antenna type to use is DBXLH-6565C VTM wh
5 which

The propagation model is set to be Planet Genera] del
The total power (EIRP) is 62.35 dBm, ik

s 1x1).

is directional antenna.
GM).

All modulation s he
types here are enabled, the network choose the appropriate type for each

user.

Initially, the ci i i
Y the city was covered with five sites. These five sites were distributed on

the most highly density population areas.

Figure 3.72. Sites location on Hebron map.

83




Best server signal strength layer (2600 MHz):

Color schems fist:

Value
-160.00
-105.01
-105.00
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-75.01

-15.00

-60.19

EEECEECO

Unit: dB

Figure 3.73. Best server signal strength layer before modifications(2600 MHz).

The first view of the best server signal strength layer before any modifications on

the sites showed a large area that was not covered by a good signal strength percentage.

Color scheme fist
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Figure 3.74. Best server signal strength layer after modifications(2600 MHz).
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Figure 3.75. Downlink average data rate layer before modifications(2600 MHz).

From figure 3.75. it was clear that all the area nearly had a low downlink average

data rate values before any modifications on the sites.
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Figure 3.76. Downlink average data rate layer after modifications(260 MHz)
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The perf ificat;
pertormed modifications on the siteg increased the value of the downlink

average data rate for some smal] areas, but there was g |

arge ar ’
average data rate value. g¢ area had low downlink

Downlink C/I layer(2600 MHz):

Color schems fst

Value

-10.00
0.00
500

10.00
15.00
2000
30.00

EEODEEE

Unit: dBm

&

Figure 3.77. Downlink C/I layer before modifications(2600 MHz).

Figure 3.77. showed a large area faced a high interference value before any

modifications had been performed.
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Figure 3.78. Downlink C/I layer after modifications(2600 MHz).

Increasing in the carrier to interference value was noticed in some areas, while other

areas was still facing high interference value.

Here is some statistics that showed the improvement in the coverage, data rate and

the carrier to interference values:
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Best server signal strength layer statistics(2600 MHz):

Signal strength - Percentage area
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Figure 3.79. Best server signal strength layer statistics(2600 MHz).

Downlink average data rate layer statistics(2600 MHz):

Downlink average data rate - percentage area
80
68.61997
70
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L
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Figure 3.80. Downlink average data rate layer statistics(2600 MHz).
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Downlink C/1 layer statistics(2600 MHz).

|
Downlink C/J - Percentage areq

61.0285
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modification

30

Percentage area

10 5149.280637
0.275006
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Figure 3.81. Downlink C/I layer statistics(2600 MHz).

3.6.2.LTE Planning Details
There are some irﬁpoﬂant parameters to be adjusted first:

The network technology is selected to be LTE.
This network frequency band is 1800 MHz..
One antenna is used for both Tx and Rx (i.e. MIMO is 1x1).
DD used as multiplexing technique.

The best antenna type to use is DBXLH-6565C
The propagation model is set to be Planet General Model (PGM).
The total power (EIRP) is 62.35 dBm.

All modulation types here are enabled, the network cho
user,

_VTM which is directional antenna.

ose the appropriate type for each
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Best server signal strength layer(1800 MHz):

Figure 3.82. Best server signal strength layer before modifications(1800 MHz).

Before any modifications on the sites, it was noticed that there was a large area had

low signal strength value.

EEECOEECOD
&
8

Unit: dB

gnal strength layer after modifications(l 800 MHz).

Figure 3.83. Best server si
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clearly. But there was also a large area covered with a Jow signal strength val
value.

Downlink average data rate layer(1800 MHz).

10.00
1500
2000
30.00

Unit: Mbps

Figure 3.84. Downlink average data rate layer before modifications(1800 MHz).

This was the first view of the downlink average data rate layer before any
modifications on the sites. Only two sites were providing a nearly good data rate for small

area. The rest of the sites were bad data rate providers.
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Unit: Mbps
Figure 3.85. Downlink average data rate layer after modifications(1800 MHz).

The improvements on the downlink average data rate after modifications increased
the data rate of the sites, but still there was a large area covered by bad data rate level

which could be not enough for some mobile applications.

Downlink C/I layer(1800 MHz):

Unit: dBm

" ifications(1800 MHz).
Figure 3.86. Downlink C/I layer before modifications(18

92




showed that nearly all the area were covereq by low C/1 value which
. :
L eans high

1000
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A8
/ i 48

Figure 3.87. Downlink C/I layer after modifications(1800 MHz).

The modifications on the sites increased the C/I value for some small areas. But

there was still many areas with low C/I values.

Here is some statistics that showed the improvement in the coverage, data rate and

the carrier to interference values:
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Best server signal strength layer statistics(1800 MHz):
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Figure 3.88. Best server signal strength layer statistics(1800 MHz).

Downlink average data rate layer statistics(1800 MHz):
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Figure 3.89. Downlink average data rate layer statis
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Downlink C/1 layer statistics(1800 MHz):
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Figure 3.90. Downlink C/I layer statistics(1800 MHz).

All the previous results in WiMAX and LTE planning showed that the achieved
modifications were not enough to improve the coverage, capacity and quality of service for

the network.

One an other solution was left to try was to allocate more additional sites in the bad

e : al
coverage, capacity and quality of service areas, and this is what has been done in the fin

results in section 3.4. and 3.5.

In section 3.4., the downlink data rate layer is not included becaus
' fore st

tnaceeptable results we get from the Mentum planet tool. Before
SOM¢ parameters were adjusted. MIMO is one of these param

%e too] worked as it is MIMO 1 X1; so the results

ati sect”
In contrast with the “Introduction To Graduation Proj

e of the

arting the planning.

oters adjusted to be 4X 4, but

S s expected.
we get was not & expec

the statistics we get were

“0tlogical; o they were excluded also from section 3 =
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Chapter 4

Results And Recommendations

Contents

4.1 Results and Conclusion.

4.2 Recommendations for future Works,

96




41 Results and conclusion

Now at the end of this project, we have 5 plan for H
ebron City for both W;
WiMAX

Planet simulation tool.

this helps us to cjy

: : 00s¢ the appropriat,

Jocation for the site such that the terrains do not affect the signal strength negati 1p The
1vely. The

and LTE technologies. This plan performed using Jawwal Menty =
This simulation tool shows the terrains of the city,

plan performed on three frequencies for each technology. The number of sites is not f; d
' ixed,
it differs according to the used frequency. One of the important points that had been tak
¢ . en
into consideration is to achieve a good coverage and QoS for all the region using a

minimum number of sites.

Through carrying out the plan, there was a sample of sites that provided a very
weak signal. Many attempts were done to improve the signal strength, but the sites did not
response to any modifications. So the field survey were needed to determine the exact
problem of these sites. After the field survey we can determine the most efficient
modifications that must be done for the sites. In this project, the filed survey was performed
on two sites in two different regions, the relocation of the site was the most appropriate

modification in both regions

Depending on the carried out plan, a comparison between WiMAX and LTE was
concluded. This comparison based on core points. The number of sites, coverage (signal
strength) and QoS (interference) are the most important three points the comparison based

on. The following table shows the comparison:
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Table 4.1 Comparison between WiMAX and LTE.

M’ WiMAX dan b o S
i LTE

Solexing | TDD — S
TDD

Dup

technique

S 2e00 10500 [ 3500 | 2300 TOOWWTOO\
MHz MHz MHz MHz MHz MHz | e 2600
S | 80 86 % 86 Y TTT%’TZZ
sites Site Site Site Site Site Site Site Site Site
Channel 5MHz | 5 MHz SMHz | 5SMHz | 5MHz | 5 MHz mmm
pandwidth
Modulation PSK+ PSK+ PSK+ PSK+ PSK+ PSK+ PSK+ PSK+ PSK+
QAM | QAM | QAM | QAM | QAM | QAM | QAM | QAM | QaM
Antenna 47 47 47 47 47 47 47 47 47
radiated dBm dBm dBm dBm dBm dBm dBm dBm dBm
power
25m 25m 25m 25m 25m 25m

Antenna 25im! 25 m 25 m

height
Coverage (-75.01 | -60.19 -60.19 (-85~ | (85 ~ | (-75~ | (-75.01 | (-15~ | -60.19
7 75 | <75 | 60.19) | ~-75) | -60.19)
= | & dB dB W | o B | @ | ap B
Ierference Average | Average | Average | Average | Average Average | Average | Average | Average
el 0 0~5) | 15~20)| (2~0) | (-2~0) (2~0) | (0~5) | (5~10) (20~30)
P . | B | Bm | @Bm | dBm | dBm | dm

L. Number of sites.

asing in number of sites

e WiMAX is larger
from 2500 MHz to

From table 4.1, we can realize that WiMAX needs less incre
i th
than LTE, although the difference between any two frequencies of
: e
than that difference in LTE. For example, in WiMAX when we mov

B : ded t
3500 MHz (i.e 1000 MHz difference), 10 additional sites were 1€ €
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Jecreasing in the coverage and the carrier to interference valye Wh
move from 2100 MHz to 2600 MHz (i.e 500 MK difference whic
difference in WiMAX), 10 additional sites were needed also

ereas in LTE When we

h is less than 1000 MHz

. Coverage (signal strength).

From table 4.1, we can note from the comparison between WiMAX TDD and LTE
that WiMAX TDD provides most of the area with a higher signal strength value (- 60.19
dB average) than LTE does (-75 ~ -60.19 dB). whereas the comparison shows that LTE
could provide higher signal strength value (-75.01 ~ -75 dB) than WiMAX FDD (-85~-75
dB). Generally speaking, WiMAX TDD is commonly used all over the world than WiMAX
FDD, so we can say that WiMAX is better than LTE in terms of coverage.

. QoS (interference).

From table 4.1, we can conclude that LTE provides higher carrier to interference
value than WiMAX TDD and WiMAX FDD. Although LTE provides higher carrier to
interference, for some services the value of carrier to interference value of WiMAX could

be enough.

Conclusion:

This project raises the advantages and the disadvantages of both technologies
- hile LTE has a good

(WIMAX and LTE). WiMAX has the advantage of good coverage, W. .
' or
QoS. This gives the provider the opportunity to choose the most effective technology :
. . ing the
the network. There are many points must be taken into consideration before choosIng

e existed

. : ion, th
technology. Number of users in the region, their needs, terrains of the regl o
ints.

. i rtant po
mﬁastructure, and the cost of establishing the network are the most 1mpo p
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4,2,Recommendations for future works

Here there ar€ some recommended poj

1. Expand the plan to include all Palestine.

o another simulati :
g u ation tool that take buildings and other cl ;
3. Study LTE and WiMAX in terms of capacity (i.e. dat utter into consideratiop,
4. Study the effect of different order of MIMO arate).
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Appendix

Table 2.1. WiMAX Different Versions

speciﬁcation Year of W
Ratification

802.16 2001 MAC and PHY definition for fixed broadband
wireless access in the 10 — 66 GHz frequency band,

802.16a 2003 Amendment to the original specification.
Contains new PHY definitions for the 2-11GH
frequency bands. Also includes mesh network
modes of operation.

802.16¢ 2002 System profiles for 10 — 66 GHz operations.

802.16d 2004 Contains 802.16, 802.16a and various MAC
enhancements. Commonly referred to as 802.16-
2004. Considered the base 802.16 fixed broadband
wireless specification.

802.16e 2006 Amendment to the 802.16d specification to provide
explicit support for mobility. Incorporates WiBRO.
Commonly referred to as 802.16-2005. Considered
the base 802.16 mobile broadband wireless
specification.

802.16f 2005 802.16 management information base.

802.16g In progress | Network management(management plane control
procedure).

802.16h In progress | Coexistence in Jicensed exempt frequency bands.

T.lﬁ In progress | Mobile management information base.

802.16j In progress | Multi hop relay specification.

302.16k In progress | 802.16 MAC layer bridging.

WiBRO Korean wireless broadband standard

105




incorporated into the 802.16¢ (802.1620

standard. o)

e [©)p agel9,tablel.1,”Summary of Various 802.16 Technology Specifications ]
ns”

Table 2.2. Frequency Bands Of WiMAX Different Versions

Standard Frequency range W

[EEE 802.16a Having licensed | At lower frequencies the signals can

Exempt frequencies | penetrate barriers and do not require

(2-11 GHz). line of sight between transmitter and
receiver.

IEEE 802.16b 5-6 GHz. Provides high quality of service for
transmission of real time voice and
video.

IEEE 802.16¢ 10-66 GHz This encourages more consistent

implementation and more

interoperability.

IEEE 802.16d 2-11 GHz fixed | Adds support to 802.16a for indoor
customer premise equipment.

This standard combines the PHY layer
and MAC layer, ensuring a uniform base
for all WiMAX stations. It uses mounted
antenna at the subscriber site. Uses
OFDMA for optimization of wireless
data services.

IEEE 802.16¢ 2-6 GHz portable | Adds support for mobility. Using
OFDMA, it divides the carriers 1nto

multiple subcarriers. It goes @ step

further by then grouping multiple
into subchannels.

\
Referencel[(9),page54,table3.2,”WiMAX IEEE 802.16”]
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162:3. Differences Between LTE And WiMAX

Tab
o 3GPP-LTEﬁW
B (IEEE 802.16¢)
o GENGPRS/FDGE/UMTS/HSPA | TEEE 80216 trongn |
Access technology: | T iEerma
Download (DL) OFDMA OFDMA
Uplink (UL) SC-FDMA OFDMA
Radio Access Modes TDD and FDD TDD and FDD

Frequency Band  [Existing (800,900,1800,1900 MHz)|  NLOS: 2-11 GHz
and new frequency bands

(Range 800 MHz - 2.62 GHz)

Peak Data rate
DL 100 to 326.4 Mbps 75 Mbps
UIL, 50 to 86.4 Mbps 25 Mbps

Reference: :[(29),page46,table7, Highlights of LTE and WiMAX comparison”]
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Jble 23- Differences Between LTE And WiMAX

T
Aspect 3GPP-LTE %W
(IEEE 802.16¢)
Legacy GSM/GPRS/EDGE/UMTS/HSPA M
Access technology:
Download (DL) OFDMA OFDMA
Uplink (UL) SC-FDMA OFDMA
Radio Access Modes TDD and FDD TDD and FDD

Frequency Band Existing (800,900,1800,1900 MHz) NLOS: 2-11 GHz
and new frequency bands

(Range 800 MHz - 2.62 GHz)

Peak Data rate
DL 100 to 326.4 Mbps 75 Mbps
UL 50 to 86.4 Mbps 25 Mbps

Reference: :[(29),page46,table7, Highlights of LTE and WiMAX comparison”]
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